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Sununuy. A model of dielectric with positive and negative charge camen is presented. The 
trapped charge is omitted. Electric conductivity is analysed in steady state at constant voltage. It is 
demonstrated that in conditions of external electric field the carrier concentrations may satisfy the 
law of mass action np = const. 
1. Introductioa Two basic equations of electric charge transport are used 
in analyses of electric conductivity in a solid dielectric, namely 
- the Gauss equation 
- the continuity equation 
where e, = 1.6.10-19C, E - high-frequency electric permeability; pp and 
pn - mobility of positive and negative charge carriers, respectively; E - elect- 
ric field intensity, x - distance of the point from the electrode, t - time; p and 
n - nonequilibrium concentrations of positive and negative charge carriers, 
respectively; p, and no - equilibrium concentrations of positive and negative 
charge carriers, respectively. 
Equations (1) and (2) describe charge transport in a plane condenser system. 
A full description of electric conductivity requires an additional equation 
describing processes inside the dielectric. This may be written as [3] 
The form of the F function depends on processes occurring in the dielectric 
during electric charge transport. In equations (1H3) diffusion and trapping 
processes are omitted (no = p,). 
In this work we consider the case of the F function describing the law of 
bimolecular carrier recombination with the trapping process omitted [l, 31 
(where /3 is the recombination coeficient). We intend to determine the n(p) 
relations in steady state at constant voltage 
L 
(5 )  Edx = U; U = const 
0 
where L - distance between electrodes, U - voltage applied to the electrodes. 
We will also determine some current-voltage dependences in conditions in 
which n(p) dependences between carrier concentrations exist. 
2. Problem solution. The steady state equation is obtained from equations 
(1H4) assuming B/& = 0. After omitting the trapping process (no = p,), the 
steady state of electric conductivity in the dielectric is described by the 
following equations 
j is the electric field density. 
The electric field intensity E(x) satisfies the voltage condition (5). As 
announced in the Introduction, we shall determine the n(p) relations together 
with some current-voltage dependences j = j(U) or U = u(j) corresponding to 
them. To do this we determine the value of concentration p from (6) 
and substitute in (7) 
From this we get the value of concentration n 
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Taking into consideration relations (9) and (1 1) we get the value of concont- 
ration p 
From (11) and (12) we determine the various terms in equation (8) 
Hence, basing on (8), we obtain the following differential equation describing 
the distribution of electric field intensity E(x) 
Equation (15) is easily solved in the case of identical carrier mobilities. In the 
further considerations we assume identical carrier mobilities p, = p, = p. In 
this case we make the following substitutions 
and thus equation (15) takes the form of the Bernoulli equation 
After substituting 
we get the linear equation 
(19) d2 6/32 - - =  - 2@wo ni 
dy ~ ~ O P Y  j2  
with the general integral of the form 
(where C, is the integration constant). In the case when parameter X = 1, i.e. 
when 8 = -, the solution (20) must be replaced by 
E 
It is worth noting that the carrier concentration product may be expressed with 
variables z and y 
~ e n c k ,  basing on (20), we get the equation 
or its equivalent form 
where C; is a new, suitably selected integration constant. Equation (24) is the 
sought dependence between n, p and E which may be written in the implicit 
form 
(25) f (n, P, E) = 0 
with function f characterizing both the interior and the edges of the dielectric. 
A particular case of relations (21) (24) and (25) are n(p) dependences. In the case 
of the ideal dielectric no = 0 when parameter X = 1, we get 
(26) n(x)p(x)  = n(O)p(O) = const 
whereas when t\e integration constant C, = 0 ,  we get the second n(p) 
dependence - 
(27) xn"o n(x)p(x)  = -= const X - 1  
which for X >> 1 becomes the law of mass action 
Dependence (28) was the object of resorption state analysis in [2 ] .  
We now proceed to some of the current-voltage dependences corresponding 
to relations (26H28).  In the case of relation (27), the integration constant C, in 
equation (20) is zero. Taking into consideration substitutions (18) and (16) we 
get the differential equation describing the distribution of electric field in- 
tendty E(x)  
having the general integral of the form 
where C, is the integration constant. The integration constant C, is determinod 
on the basis of the characteristic of charge injection from the electrode into the 
dielectric described by the function of current density j and electric field 
intensity E(0) next to the electrode x = 0 of the form j = fo[E(0)] .  In thir 
research we considered the case when the edge x = 0 is described by the linear 
function 
The integration constant C, is then equal zero. Taking into consideration the 
voltage condition (5)  we get the current-voltage dependence 
If the value of current density satisfies the condition 
the dependence (31) takes the simple form 
When parameter ;C > 1, the linear dependence (32) takes the form of the Ohm 
law j = U UJL. 
When relation (26) is satisfied, the electric field intensity satisfies the 
equation 
which has the general solution of the form 
where C, and C, are integration constants. 
The integration constants are determined on the basic of characteristics of 
charge injection from the electrode x = 0 into the dielectric, j = f, [E(O)], and 
the electrode x = L, j = f,[E(L)]. An interesting case is when the boundary 
values n(0) and p(0) are equal, n(0) = p(0). It is easy to demonstrate that the 
equality n(0) = p(0) holds when the boundary value n(L) is described by the 
relations [3] 
E(O){ ( jL )2]112 E (L) = - 1- - 
EP EPEtO, 
In such a case, the integration constants C, and C, take the values 
Hence, basing on (34) and (5), we get the current-voltage dependence in 
parametric form 
In the case when the boundary function f, is of the form 
L 
the dependence (38) takes the form of Child's law 
It results from equations (35) and (36) that the boundary value n(L) is infinitely 
large, n(L) = m, when the function fL is of the form 
fL[E(L)] = aaEa(L) a, = const, a, # 0. 
d = O  
3. Conclusions. The problem of the np product is a long-standing object of 
many and often controversial considerations and conclusions. Some authors 
questioned the constancy of this product, while others, admitting the possibility 
of its variability, do not give values of this product in conditions of space 
charge existence. 
The objective of this research, summed up in the following conclusions 
resulting therefrom, was on the one hand to demonstrate that the np product 
may equal ng and on the other - to formulate conditions for and to give 
values of this product in other admissible conditions of carrier transport. An 
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exumple of similar research is the monograph by Aderovitch [l] who allowed 
a number of possible recombination mechanisms. 
According to our analysis, the carrier concentrations n and p may satisfy 
the law of mass action np = const, 
- In the case of the ideal dielectric (no = p, = 0) the value of the carrier 
concentration product depends on mechanisms of carrier injection from the 
electrodes into the dielectric. When such injection conditions are satisfied that 
the boundary conditions n(0) and p(0) are equal, n(0) = p(O), and the boundary 
function f, is of the form f, = aEto) (a = const), the current-voltage dependence 
is a quadratic function j - U2; in particular, when parameter a = .+/L, the 
quadratic dependence takes the form of Child's law, j - U2/L3. 
- In the case of a nonideal dielectric, the value of the np product depends 
only on the internal parameters of the dielectric such as p, E, p, no. If the 
electrode x = 0 is described by the boundary function 
the current-voltage dependence U = U(i) is a nonlinear functions. Function 
U = U(i) becomes linear when current density satisfies the condition 
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